Digital Library

Resource management technical reports

Natural resources research

6-2006

Lockhart catchment appraisal 2005
Susan Murphy-White
P Leoni

Follow this and additional works at: https://researchlibrary.agric.wa.gov.au/rmtr
Part of the Agriculture Commons, Environmental Indicators and Impact Assessment Commons,
Environmental Monitoring Commons, Fresh Water Studies Commons, Hydrology Commons, Natural
Resources Management and Policy Commons, Soil Science Commons, and the Water Resource
Management Commons

Recommended Citation
Murphy-White, S, and Leoni, P. (2006), Lockhart catchment appraisal 2005. Department of Primary Industries
and Regional Development, Western Australia, Perth. Report 310.

This report is brought to you for free and open access by the Natural resources research at Digital Library. It has
been accepted for inclusion in Resource management technical reports by an authorized administrator of Digital
Library. For more information, please contact library@dpird.wa.gov.au.

ISSN 1039-7205

Resource Management Technical Report 310

Lockhart
Catchment Appraisal 2005
Complied by
Paul Leoni and Susie Murphy-White
for the
Central Agricultural Region RCA Team

June 2006

DISCLAIMER:
While all reasonable care has been taken in the preparation of the material in this document, the Western
Australian Government and its officers accept no responsibility for any errors or omissions it may contain,
whether caused by negligence, or otherwise or for any loss, however caused, sustained by any person
who relies on it.
© State of Western Australia 2006

TABLE OF CONTENTS
Page
SUMMARY .....................................................................................................................

II

1.

INTRODUCTION ...................................................................................................

1

2.

NATURAL RESOURCE BASE .............................................................................

2

2.1

STUDY AREA ..................................................................................................

2

2.2

CLIMATE ........................................................................................................

3

2.3

GEOLOGY ......................................................................................................

5

2.4

TOPOGRAPHY ................................................................................................

5

2.5

DRAINAGE FLOW DYNAMICS ............................................................................

6

2.6

GROUNDWATER .............................................................................................

6

2.7

SOIL LANDSCAPES ..........................................................................................

9

2.8

AGRICULTURE ................................................................................................ 16

2.9

REMNANT VEGETATION ................................................................................... 19

3.

4.

CATCHMENT RISKS ............................................................................................ 22
3.1

GROUNDWATER AND SALINITY ........................................................................ 22

3.2

SOIL AND LAND DEGRADATION ........................................................................ 27

3.3

SURFACE WATER RISKS .................................................................................. 28

3.4

AGRICULTURAL PRODUCTION .......................................................................... 32

3.5

REMNANT VEGETATION RISKS ......................................................................... 34

MANAGEMENT OPTIONS AND IMPACTS .......................................................... 35
4.1

GROUNDWATER MANAGEMENT ....................................................................... 35

4.2

SOIL WATER USE OPTIONS .............................................................................. 36

4.3

SOIL MANAGEMENT ......................................................................................... 40

4.4

SURFACE WATER MANAGEMENT OPTIONS ........................................................ 42

4.5

VEGETATION MANAGEMENT ............................................................................ 45

5.

REFERENCES ...................................................................................................... 46

6.

GLOSSARY ........................................................................................................... 48

7.

APPENDICES ....................................................................................................... 49
A1.

MAJOR SOILS FOR SUBCATCHMENTS ............................................................... 49

A2.

SUBCATCHMENT SOIL RISK ASSESSMENT ........................................................ 52

A3.

LIMING STATISTICS ......................................................................................... 55

A4.

FURTHER INFORMATION .................................................................................. 56

A5.

CONTACTS ..................................................................................................... 60
i

SUMMARY
The Lockhart Catchment is the largest sub-catchment of the Avon River Basin covering just
over 3.56 million hectares, including 15 Shires running from Quairading and Bruce Rock in
the north to Pingrup and Lake King in the south.
Rainfall over this area ranges from 315 mm to 370 mm, with average January and July
maximum temperatures of 32°C and 16°C and minimum temperatures of 17°C and 5.5°C.
Cropping (80 per cent) produces the highest gross value from agricultural business, with
wheat comprising nearly 70 per cent of this gross value. Livestock production, which is
predominantly sheep, contributes roughly 10 per cent of the gross agricultural value.
There are two distinctive landscape environments in the catchment:
The southern section, which lies roughly south of Kulin and Hyden is often referred to as the
‘Lakes District’ because of the many salt lakes. The lakes link together to form an ancient
drainage system that flows north and converges east of Kulin at Lake Jilakin. The ‘Lakes
District’ is characterised by broad low sloping valleys, shallow duplex soil profiles with grey
clay bases and a more mallee type native vegetation, especially in southern parts.
The northern section of the catchment is considerably different to the ‘Lakes District’, with
sandplain landscapes and associated native vegetation more widespread. Soils also have a
higher level of acidity in this area. All drainage from the point near Lake Jilakin converges
into a single large valley, which is often referred to as the ‘Salt River’. This valley heads
north and then west to converge at the Yenyening Lakes, at which point drainage enters the
true Avon River.
Rising groundwater tables and associated salinity degradation is widespread throughout the
catchment, but is more prominent in the ‘Lakes District’ where broad flat valley floors are
more widespread.
A combination of waterlogging followed by salinity caused by recent floods in the late 1990s
and early 2000s has had major impacts on areas of valuable remnant woodland vegetation,
in particular valley floor areas in the South East Hyden and Lake Bryde catchments.
Other major natural resource management issues include:
•

soil compaction and structure decline, especially in clayey soils

•

soil wind and water erosion

•

farm water deficiency, especially in eastern areas of the Lake Grace and Kulin Shires

This document aims to give the reader a starting point from which to further assess larger
scale areas of the catchment for the purpose of planning to reverse and improve land
degradation and sustainable farming.
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1. INTRODUCTION
This report describes the condition and type of resources and climate found in the Lockhart
study area, including soils, geomorphology, groundwater and surface water hydrology, native
remnant vegetation and agricultural production. The condition of these resources is
expanded to highlight the risks of this environment to agricultural, infrastructure and future
natural resources.
Information is then provided on managing risks to agriculture within the Lockhart study area.
This report has been prepared by the Department of Agriculture officers based in the Central
Agricultural Region. The Central Agricultural Region RCA team consisted of:
Paul Leoni

(Development Officer, Saltland Pastures, Lake Grace)

Harry Lauk

(Land Conservation Officer, Northam)

Renee Manning

(Land and Water Development Officer, Merredin)

Susie Murphy White

(Development Officer, Farming Systems, Merredin)

Claire Robertson

(Soil Research Officer, Narrogin)

Shahram Sharafi

(Hydrologist, Merredin)

Josh Smith

(GIS Officer, Northam)

Ian Wardell-Johnson

(Land Conservation Officer, Narrogin)

Suzanne Witteveen

(Hydrologist, Merredin)

The report has been divided into three sections:
•

assessment of the natural resource base,

•

risks identified from the environmental condition assessed; and

•

management options available to reduce those risks.

Due to the large size and variable nature of the study area, some issues will be dealt with as
a whole, and others will be focused on in more detail. When reading the report it is important
to refer between the section chapters in order to gain an understanding of how different risks
and management options affect the agricultural resource base.
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2. NATURAL RESOURCE BASE
2.1 Study area
Susie Murphy White
The study area is 3,563,000 hectares and is made up of three sub catchments (Figure 2.1).
These sub catchments include Quairading (317,000 ha or 9 per cent), Narembeen/Bruce
Rock (751,000 ha or 21 per cent) and the Lakes (2,494,000 ha or 70 per cent).

Figure 2.1 Location of the Lockhart study area and major sub catchments.

The study area covers most of the shires of Kent, Kulin, Lake Grace, Kondinin, Quairading,
Corrigin, Bruce Rock and Narembeen and small portions of the shires of Beverley, Brookton,
Cunderdin, Gnowangerup, Dumbleyung, Jerramungup, Tammin, Kellerberrin, Yilgarn and
Ravensthorpe.
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Table 2.1.

Shire area within the study area
Shire

Lake Grace (S)

Extent of Shire in
study area (ha)

Proportion of Shire in
study area (%)

1,000,672

96

Kulin (S)

429,236

91

Narembeen (S)

344,112

90

Quairading (S)

172,419

86

Bruce Rock (S)

227,249

83

Kondinin (S)

570,219

77

Corrigin (S)

190,343

71

Kent (S)

358,734

64

Dumbleyung (S)

40,997

16

Kellerberrin (S)

25,929

14

Tammin (S)

10,975

10

Beverley (S)

21,257

9

Gnowangerup (S)

34,479

8

Brookton (S)

10,892

7

Ravensthorpe (S)

58,190

4

Yilgarn (S)

63,967

2

Cunderdin (S)

2,159

1

Jerramungup (S)

1,187

0

Totals

3,563,016

2.2 Climate
Paul Leoni

2.2.1 Rainfall
Based on changes between annual rainfall averages (Table 2.2) all areas except those in the
east of the study area have had some level of winter rainfall decline and summer rainfall
increase (except for the south-west).
The southwest area has experienced significant winter and slight summer rainfall declines,
including the location of Pingrup, now with a lower annual rainfall < 330 mm.
Northern and western areas have also experienced significant winter rainfall declines.
Previously higher rainfall areas (> 360 mm) like Corrigin, Quairading and Kulin now have
lower rainfall (> 330 to < 360 mm).
The Northern areas around Shackleton and Mt Caroline now have lower rainfall (> 320 mm)
with a lower per cent summer rainfall (28 per cent).
All eastern areas have experienced a significant increase in summer rainfall and a slight
increase in winter rainfall, especially around the location of Hyden. This area now has
> 330 mm to < 360 mm rainfall and a higher percentage summer rainfall (35 per cent).
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Table 2.2. Annual rainfall averages

Location

% Winter
rainfall
15 April to
14 Oct.

%
Summer
rainfall
15 Oct. to
14 April

Average
annual
rainfall
(mm)
1975-2004
(30 years)

Winter
rainfall
change
15 April
14 Oct.
(mm)

Summer
rainfall
change
15 Oct.
14 April
(mm)

Total annual
rainfall
change
101-30 years
(mm)

67

33

332

-26

-1

-27

Pingrup
Shackleton PO

69

31

288

-31

4

-27

Quairading PO

71

29

347

-35

9

-26

Kulin PO

70

30

336

-23

2

-21

Corrigin

70

30

359

-25

7

-18

Lake Grace PO

66

34

342

-17

8

-9

Bruce Rock

69

31

326

-10

6

-4

Narembeen

68

32

337

-6

11

5

Holt Rock

63

37

328

-5

13

8

Hyden

67

33

351

7

11

18

2.2.2 Temperature
Figure 2.2 shows that maximum daily temperatures in summer are 2°C higher at Bruce Rock,
Quairading and Hyden (highest is 33°C in January) compared with Lake Grace and 3°C
higher than Lake King. In winter, Lake Grace and Lake King are less than 1°C below the
northern locations, which are roughly 16°C (lowest) in July.
Minimum daily temperatures in summer are 2°C higher at Quairading and Bruce Rock
(highest is 17°C in January and February) compared with Hyden and Lake Grace and 3°C
higher than Lake King. In winter Hyden is less than 1°C below other locations, which are
roughly 5.5°C (lowest) in July and August.

Temperature (Degrees Celcius)

40
35
30

Hyden - Max

25
Hyden - Min

20
15

Lake Grace - Max

10
Lake Grace - Min

5

Dec

Nov

Oct

Sept

August

July

June

May

Apr

Mar

Feb

Jan

0

Month

Figure 2.2 Monthly average (1975–2004) maximum and minimum daily temperature (Clewett, J.F. 2003).
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2.3 Geology
Claire Robertson
The study area lies mainly within the Corrigin, Hyden and Newdegate geology map sheets
(Chin, 1986; Chin et al. 1984; Thom et al. 1984). The area consists of the granitoid and
gneissic rock of the Yilgarn basement. Granite occurs mostly as adamellite which intrudes
the gneiss.
The north west of the study area includes the south-eastern margin of the Jimperding
metamorphic belt, containing highly fractured mafic source rock. The reduced gradients in
the Salt River drainage between Quairading and Yenyenning lakes due to the uplift may
result into increasing salinity risk and its extent in future.
The study area also includes the Bingeringie dyke swarm extending east-north-east from
Narrogin through Kulin to the edge of the study area. Around the Corrigin hills area there is
also a greater proportion of mafic rock.

2.4 Topography
Claire Robertson, Harry Lauk, Ian Wardell-Johnson and Renee Manning
The study area is divided into three main sub catchments (Quairading, Narembeen/Bruce
Rock and Lakes), based on their location within different Drainage Zones.
Table 2.3. Percentage of sub catchment area within Drainage Zones
Sub catchment

Drainage Zone
name

Quairading

Narembeen
Bruce Rock

Lakes

Rejuvenated Zone
– Northern

17

0

0

Incised and dissected landscape, flowing
waterways, active colluvial processes,
remnants of laterite profiles on hill tops.

Ancient Zone –
Northern

66

87

0

No connected drainage, salt lake chains
only function in wet years, lateritic uplands
dominated by yellow sandplain.

Ancient Zone –
South Western

17

0

13

Low relief, drainage connects more to the
west, dominated by grey lateritic gravely
sandplain.

0

13

87

Smooth to undulating plain, salt lake chains
with duplex and lateritic soils on uplands.

Ancient Zone –
South Eastern

Zone characteristics

Low valley floor gradients exist across the study area, with 3 main areas having more relief
and incision (Verboom and Galloway, 2004), these areas are:
•

Western margin of the study area in the zone of rejuvenated drainage, dominated by
mafic rock;

•

Corrigin hills along the ‘median watershed’ of Beard, 1999, which contains many mafic
rocks; and

•

Ridge west from Holleton, north of Hyden and dividing the major sub catchments in the
east, containing siliceous, sandy duplexes, and is much incised.

In the Lakes sub catchment drainage was originally southward (Beard, 1999) until uplift along
the Jarrahwood axis and downward along the Chin-Smith lineament, when Australia
separated from Antarctica in the late Cretaceous. For this reason the
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Narembeen/Bruce Rock and Lakes sub catchments have almost half the total sub catchment
area at slopes between 0 and 1 per cent.
The Pingrup river system has no effective gradient with only a 5 m fall over 135 km.
Following the valley floor from Lake Chinocup (near Pingrup) to the Caroline Gap there is a
fall in gradient of 51 m (Hatton et al. 2003).

2.5 Drainage flow dynamics
Shahram Sharafi
Due to the low valley floor gradients in the Lockhart catchment, salt lakes act as drainage
collection basins and do not connect and become a continuous system unless a major
summer rainfall event or a prolonged and wet winter occurs. It is only then that the
sediments separating the lakes are breached to connect the whole catchment drainage
system.
Following significant rainfall in the Avon River catchment on 21–22 January 2000 (remnants
of Cyclone Steve), high river levels were experienced from Lake King to Perth. The rainfall
was in excess of 100 mm in a large area from east of Hyden to Beverley, with the highest
reading being 172 mm east of Corrigin, a 1 in 20 year event. Much of the mainstream Avon
River upstream of Northam and the Salt River upstream of Yenyenning had flows in excess
of 150 m3s−1 and below Northam in excess of 200 m3s−1 (Hatton et al. 2003).

2.6 Groundwater
Shahram Sharafi

2.6.1 Groundwater movement
There are 264 monitoring and production bores (including Rural Towns Bores) in the study
area. Groundwater monitoring in the study area indicates that:
•

In most of the valley floor areas the groundwater is within two metres of the surface.
The result demonstrates that local groundwater equilibrium in the valleys has been
reached and groundwater will continue to fluctuate seasonally.

•

In upper slope areas, groundwater is generally greater than 10 m in depth and
continues to rise. This is likely to result in salinity expression at change of slope
locations, upland valleys adjacent to currently saline areas.

Groundwater trends in the study area are variable (Figure 2.3).
•

Sustained watertable rise is displayed where watertables are deep (> 10 m).

•

Rates of rise beneath hill slopes vary between 0.15 and 0.30 m/yr (Ghauri 2004).

Many falling trends (1-2 m, 2000-2005) in groundwater are located in the valleys to lower
slopes and appear to be associated with declining rainfall.
The main observation is that bores with deeper watertables take longer to rise to the surface,
with major salinity development expected to reach equilibrium by 2030-2075.
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George and Kingwell (2005) used watertable depth across the central agricultural region for
determining an approximate ‘time to salinisation’ for different regions. In their report, eastern
zones of the wheatbelt were found to have a longer period until groundwater equilibrium
(majority of salinisation expected after 2030 and before 2075). Historical average rates of
rise were used to project watertable depth to the near surface; however it has been observed
that rates of rise will decline or lessen as they near the surface.

2.6.2 Groundwater Salinity
There are 135 bores with reasonable time series salinity data within the study area.
Observations on the groundwater salinity (electrical conductivity) of these bores are as
follows:
•
•

One bore with fresh water (EC < 90 mS/m);
20 bores with marginal salinity (90-270 mS/m);

•

19 bores with moderate salinity (270-900 mS/m);

•
•

72 bores with highly saline water (900-5,500 mS/m); and
23 bores with extreme salinity concentration (> 5,500 mS/m).

Deep aquifer groundwater is commonly greater than 4,000 mS/m except in upper sub
catchments where it may be near the upper limit for dry adult sheep (1,820 mS/m). If
perched aquifers recharge regional groundwater bodies, mixing or lensing of perched water
results in localised reduction in EC of groundwater.
Groundwater in palaeochannels and beneath salt lake areas is greater than 5,000 mS/m.
Where this groundwater reaches the surface, evaporation accumulates salts and hyper
saline groundwater results. Acid groundwater (pH < 4) has been recorded in lower positions
towards South East Hyden and Dingo Rocks, and becomes less prevalent to the south
(Ghauri 2004).
Perched aquifers are widespread and are a significant fresh to brackish groundwater
resource suitable for on-farm use (livestock and in some instances domestic supply).
Discharge from these perched aquifers occurs as seepage at the termination of sandplain
units and also recharges to deep aquifers. Thickness of sandplain aquifers can extend to
5 metres.
Saprock aquifers of various thicknesses extend throughout the zone except where shallow
bedrock exists or palaeodrainage has scoured to bedrock (e.g. York townsite, Crossley,
2004). Groundwater EC is commonly around 1,000 to 1,500 mS/m and in upper
sub-catchments is significantly less (< 500 mS/m). Groundwater in or near major drainage
lines is saline and generally unsuitable for livestock.

2.6.2.1 Rural Towns
Rural Towns projects carried out drilling programs in Lake Grace, Narembeen, Bruce Rock,
Quairading, and Pingrup.
In the Lake Grace townsite, the groundwater is highly saline. Electrical conductivity of
samples from shallow bores averaged 6,000 mS/m and generally increased with depth.
The highest electrical conductivity value recorded in December 2000 was more than
15,000 mS/m from a deep piezometer in the centre of the town (Addison, 2001).
In Narembeen, the groundwater salinity ranged from 855 to 14,430 mS/m and the pH of
groundwater was from 2.4 to 7. Groundwater in most deep holes was very saline (up to
1.5 times that of the sea water in most locations). All waters from deep bores were very
acidic (Nott, 2001).
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Nott (2001), in a study of Bruce Rock townsite found that the groundwater in most holes was
saline, although at some sites it was brackish to fresh. The groundwater in the perched
system (monitored by bore 00BR06S) had particularly low EC values. Water samples from
most piezometers had pH values around 6 or 7.
Groundwater under Quairading townsite has EC values ranging from 140 to 1,330 mS/m in
deep bores and 363 to 3,240 mS/m in the shallow bores (Cattlin, 2001).
In Pingrup town a network of 25 bores was installed and the groundwater salinity ranges
from 1,620 to 20,000 mS/m. In December 2000, the average EC of groundwater from the
shallow holes was about 6,000 mS/m and about 20,000 mS/m in the three deepest
piezometers. In the piezometers that were 12 m deep, the EC values were all around 7,000
mS/m (Addison, 2001).

2.6.3 Groundwater pumping
Less than 20 bores in the study area have been tested for yield; however those tested were
highly saline (up to 8,000 mS/m). Utilisation of these bores is not currently occurring due to
low yield and high salinity of water samples. Similar results were concluded from test
pumping in different Rural Towns Program pumping tests (for each town’s water resource
analysis, please refer to Rural Towns program reports).

2.7 Soil landscapes
Claire Robertson
Complex soil-landscape mapping has been simplified by classifying the landscapes of the
study area into one of five broad landscape categories which are:
•

Undifferentiated upland soils; soils on slope without outcropping rocks or obvious
laterite.

•

Laterite landscape soils; soils formed from laterite creation.

•

‘Fresh’ soils phases; source rock dominated soils.

•

Valley soils and saline phases; valley processes dominate soil types.

•

Other phases; includes dunes and miscellaneous soils.

Figure 2.4 (main soil map) shows each of these geomorphic categories. Further explanation
of the soil–landscape categories makeup is given in Appendix A1.
This combined classification is useful for providing risk assessment and management
priorities for sub-regional planning. Ninety four per cent of the study area has been mapped,
222,755 ha is unmapped, this includes remnant vegetation.
Soils of the study area are grouped by the Department of Agriculture soil groups
(Schoknecht, 2002). This classification allows for management according to similarities
during broad-acre agriculture. These soil groups have been combined into supergroups to
simplify soil management. These are described for each of the Lockhart sub catchments in
Appendix A1.
Sandy duplexes stand out in the study area, with shallow sandy duplexes covering 17 per
cent and deep sandy duplexes covering 16 per cent. A dominance of mallee vegetation
pre-clearing explains the high prevalence of duplexes (Verboom and Pate, in prep.).
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Salt lake chains lay across the study area with lateritic sandplains in the east of the study
area and Darling Range laterites in the west. Mallee sandplain is the majority of the southern
region and some soils on fresh rock dominate in the study area, particularly near the Corrigin
hills (Verboom and Galloway 2004).
Variation in soil properties over the study area are illustrated in Figure 2.5. Arrows indicate
changes occurring from west to east or north to south. Circled areas indicate a generalized
distribution of soils. These soil properties reflect differences in parent rock material,
vegetation, climate, landscape position and hydrology. The map is useful to assess likely
problems with these soils.
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Figure 2.4

12

Main soils map.
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Laterite Phases
Mallee Sandplain
Yellow Sandplain
Mafic area (striped soils in legend)

Grey Sandplain laterite : Permeability clay increases; Undifferentiated uplands: perm. clay decreases
Clayey B horizons : Increase in alkalinity ( more lime, carbonate nodules present )
Granite rocks : Increase sodicity as increase drying, decrease leaching
Increase in red loamier soils, as climate more arid, less leaching
Yellow sandplain: increase acidity ( based on wodjil vegetation )
Figure 2.5 Changes to soil properties across the landscape.
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Increase in greyer soils, decrease in red loamier soils

Grey Sandplain

Grey Gravelly laterite in north gradation to Yellow Sandplain Laterite in south

ty
idi ase
r
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inc

Yellow Sandplain: Decrease in acidity

Landscape dissection decrease
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2.8 Agriculture
Susie Murphy White

2.8.1 Farming systems
Farming systems are mainly annual crop and pasture rotations in the study area. The
agricultural production data (ABS 2001) is compiled by shire. Statistical information in this
section includes the Shires of Bruce Rock, Corrigin, Kent, Kondinin, Kulin, Lake Grace,
Narembeen and Quairading and has not been adjusted to fit the study area boundary.
Approximately 63 per cent of the farm were cropped in 2003/04 with the 5 year average was
59 per cent of the study area (BankWest benchmarks 03/04).
Crops grown include wheat, barley, legumes (lupins and field peas), oats and hay. The Shire
of Lake Grace has the largest area sown to wheat and barley and the highest overall
production of wheat (241,851 tones).
The Shire of Lake Grace has the greatest number of sheep and lambs with the highest wool
production (3,240 tones) and number of sheep and lambs slaughtered (1.2 million). The
highest number of cattle slaughtered for meat is produced in the shire of Kondinin (5,002).

2.8.2 Agricultural trends
The numbers of farms and the farmed area have both decreased since 1983 with 991 farms
in operation in 2001 covering 2.6 million hectares. The largest average farm size is found in
the Shire of Narembeen at 3,215 ha and the smallest average farm size 1,948 ha in the
Corrigin Shire.
Decreases in the number of farms from 1983 to 1999 occurred in all shires within the study
area, a slight increase in farm numbers occurred between 1999 and 2001 in the shires of
Quairading, Narembeen and Corrigin.
The amount of legumes present in the farming system in 2001 (185,000 ha) has decreased
by 19,000 ha from the area sown in 1999. Canola has emerged; with no canola grown in
1983 to the average area of canola of 87,000 ha in 1999 and decreasing to 84,000 ha in
2000/01.
Legumes

Hay
1%

13%

Barley
17%

Oats
2%

Wheat
67%

Figure 2.6. Distribution of crops across the study area (Source: ABS 2001).
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2.8.3 Agricultural production
The total agricultural Gross Value of Production (GVP) 2000/01 was $461 million
(ABS 2001). Wool production (animal products) produced $ 46 million towards the GVP of
the shires and livestock (sheep, cattle and pigs) produced $39 million towards the GVP
(Figure 2.7). The highest GVP from crops is produced by wheat followed by barley, oats
then field peas.
Livestock
products
11%
Livestock
slaughterings
10%

Crops
79%

Figure 2.7.

Average GVP for major categories of agricultural production in the shires of Bruce Rock,
Corrigin, Kondinin, Kulin, Lake Grace, Narembeen and Quairading (Source: ABS 2001).

The GVP of all agricultural production for the study area has increased since 2000/01 to
$832 million for 2003/04 growing season which was 14 per cent of Western Australia’s GVP
(ABS 2004) and 16 per cent of the cropped area within the state.

GVP $

$900,000,000
$800,000,000
$700,000,000
$600,000,000
$500,000,000
$400,000,000
$300,000,000
$200,000,000
$100,000,000
$2000/2001

2001/2002

2002/2003

2003/2004

Figure 2.8. Total GVP for all agricultural production in the Lockhart study area (Source: ABS 2004).

2.8.4 Agricultural performance
The BankWest benchmarks for 2003/04 of the South Eastern Wheatbelt (Lake Grace,
Kondinin, Hyden, Corrigin and Bruce Rock) regions have been examined for the financial
and production performance in the study area.
In the South Eastern region the return on capital increased to 5.5 per cent. Farm equity
remained stable while farm assets and debt have been increasing rapidly over the past few
years. Farm income increased and was higher than the previous 5 years at $244/ha in
2003/04. Operating costs increased to $145/ha from $135/ha in the 2001/02 season. The
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operating profit per effective hectare increased to $77/ha and farm income to $244/ha in the
2003/04 from $40/ha and $195/ha in the 2002/03 season.
Average wheat yields have generally increased, with the highest average wheat yield in the
Shire of Lake Grace (2.88 t/ha) in 2001/02. The highest average wheat yield across all the
shires is 2.35 t/ha in 2001/02. Below average rainfall was received in most areas in 2000/01
growing season and the average wheat yields declined 1.08 t/ha across all the shires. Dry
seasonal conditions were experienced again in 2002/03 reflecting the lowest below average
yields of 0.57 t/ha in the Shire of Kondinin. Damaging frosts explain the poor wheat yields in
1998/99.
2.50

Yield t/ha

2.00

1.50

1.00

0.50

02
/0
3

00
/0
1

98
/9
9

96
/9
7

94
/9
5

92
/9
3

90
/9
1

88
/8
9

86
/8
7

84
/8
5

82
/8
3

80
/8
1

78
/7
9

76
/7
7

74
/7
5

72
/7
3

70
/7
1

0.00

Year
Figure 2.9 Average wheat yield of the study area for the shires of Bruce Rock, Corrigin, Kent, Kondinin,
Kulin, Lake Grace, Narembeen and Quairading (Source: CBH estimates).

2.8.5 Land values
Since the 1980s land values across the shires in the study area have gently increased with
prices fluctuating as a result of the general economy, seasonal conditions and commodity
prices. The highest average price was $700/ha received in 1997 in the Shire of Quairading.
The average price over the study area in 2000 was $527/ha.
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BRUCE ROCK

LAKE GRACE

QUAIRADING

Average land values 1970-2001 for the shires of Bruce Rock, Kulin, Lake Grace and
Quairading in the study area (Source: Valuer General’s Office).
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2.9 Remnant vegetation
Paul Leoni
Remnant Vegetation covers 15 per cent of the study area (Table 2.4). The majority of this
remnant vegetation is scrub-heath shrublands at 68 per cent and other types are less than
10 per cent. Mallee scrub shrublands of Eucalyptus eremophila alone makes up 33 per cent
of the total vegetation area. This relates to the pattern of historic land clearing, which focused
on woodland vegetation occurring on the more fertile soils.
Scrub-heath shrublands has the lowest percentage coverage in valley floor and saline areas
of all the vegetation types, and is found in less fertile areas of the landscape (usually the
sandier catchment boundary areas). It was therefore a lower priority for clearing during
earlier years of land development.
The majority of succulent steppe vegetation occurs in ‘valley floor’ areas and in saline
effected land areas, which is directly related to the fact that these plants (saltbush, bluebush,
sandfire, etc.) are adapted to grow in clayey and saline environments.
Table 2.4

Remnant vegetation summary
Area ha (hectares)

% of catchment

3,343,140

94

219,906

6

3,563,046

100

Valley floors

878,134

25

Saline land

186,032

5

Total area of vegetation

521,113

15

Valley floors vegetation

119,177

3

Saline land vegetation

26,614

1

Agricultural land
Pastoral land
Total catchment area
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Figure 3.1
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Remnant vegetation map.
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3. CATCHMENT RISKS
3.1 Salinity
Shahram Sharafi

3.1.1 Current extent of salinity
The study area has 186,000 hectares of saline land (5.2 per cent of the study area), based
on Land Monitor1 data (Figure 3.2.).
Salinity is most common in valley floors but in a recent survey farmers rated salinity occurring
at the change of slope as the biggest problem. This indicates where salinity is currently
developing and where management options can be applied. Salinity is likely to expand in
low-lying areas adjacent to existing salinity; however this expansion is highly dependent on
elevation, slope and soil type.
Land-height information from the Land Monitor project indicates that approximately
878,000 hectares (25 per cent of the study area) is located in low-lying hazard areas close to
surface water flow paths (Figure 3.3). This estimate is regarded as suitable for first pass
regional modelling. However, additional refinement of the land-height information with local
knowledge gives a figure closer to 390,000 hectares (11 per cent of the study area, Sharafi
2004 unpublished). Some of these areas could become waterlogged and/or saline if
watertables rise sufficiently.
Salinity in the main valley of the study area is approaching equilibrium and the saline area is
not expected to significantly expand.
The additional salinisation that will take place is expected to occur in the tributary valleys that
lie perpendicular to and converge into the main valleys. These flat areas will be more prone
to lateral expansion of salinity because of poor surface drainage and waterlogging.
Reducing surface water inundation of these tributary valleys using earthworks should reduce
the area affected by salinity in these areas.

3.1.2 Salinity Impact on Infrastructure
Of the more than 10,000 km of roads in the study area, about 3.5 km (0.03 per cent) of the
main roads and more than 36 km (0.36 per cent) of local roads are located in salt affected
areas.
Almost 0.12 per cent or 12 km of the main roads and about 195 km or 2 per cent of the local
roads are within low-lying areas and may be susceptible to flooding, waterlogging and
salinity. The annual cost of repairs and maintenance due to salinity is assessed to be almost
$20,000 per kilometre for highways and main roads, and around $6,600 per kilometre for
local and unclassified roads (Kingwell 2003).

1
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Details about the Land Monitor project can be found by visiting www.landmonitor.wa.gov.au.
Accuracy statements of the data sets can be found in CSIRO Mathematical and Information
Services (CMIS) Report No. 01/111.
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Figure 3.2 Salinity map.
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Figure 3.3 Low lying areas/valley floors.
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3.2 Soil and land degradation
Claire Robertson
The major land degradation hazards are;
•

subsurface compaction, 62 per cent of the area,

•

soil structure decline, 53 per cent of the area and

•

subsurface acidification, 50 per cent of the area at risk.

Recommended best management practices should be adopted to manage these hazards.
Current lime application (ABS data) to neutralize acidification, averages 44 per cent (from
1994 to 2001) of target liming application required to maintain pH in the study area, this is
below the state average of 50-60 per cent of liming target (Figure A3.1).
Other hazards that potentially affect significant areas include;
•

wind erosion, 46 per cent of the area and

•

water repellence, 44 per cent of the area.

All the mentioned risks are less visible forms of land degradation but affect larger areas than
salinity. However, they often go unnoticed and untreated (Nulsen, 1993).
A site analysis and farming system appraisal should be undertaken for recommendations for
each degradation hazard as they are site specific (Moore, 2004).
Land management hazards described in Appendix A2, are based on land qualities attributed
to soil-landscape mapping conducted by the Department of Agriculture (Van Gool et al.
2001).
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Table 3.1

Land management hazards – total study area
Threat

Subsurface compaction

Area at risk
% (and area)
62%
2,056,300 ha

Soil structure decline

53%
1,770,300 ha

Subsurface acidity

50%
1,659,250 ha

Wind erosion

46%
1,540,350 ha

Water repellence

44%

Soil supergroup
Deep sand and sandy earths. Soils with less than 5% clay
content are most at risk.
Shallow and deep loamy duplex soils, loamy earths and
non-cracking clays.
Deep sands, sandy earths and ironstone gravelly soils.
Sandy soils with low levels of organic matter are most
susceptible.
All soils with loose and bare surfaces, but especially deep
sands and sandy earths.
Deep sands, sandy earths and gravelly soils.

1,479,550 ha
Phosphorous export

30%
1,003,700 ha

Waterlogging

21%
697,650 ha

Wet and waterlogged soils, sandy and loamy duplex soils
situated on valley floors, flow lines and areas susceptible to
flooding.
Wet and waterlogged soils, loamy duplex soils and
particularly sandy duplexes on valley floors and lower slopes.

3.3 Surface water risks
Harry Lauk, Ian Wardell-Johnson and Renee Manning

3.3.1 Land slope
One of the key factors in determining the level of risk of land to degradation from surface
water is land slope. In the study area:
•
1 per cent has slopes between 5 and 10 per cent;
•
5 per cent has slopes between 3 and 5 per cent;
•
40 per cent has slopes between 1 and 3 per cent;
•
44 per cent between 0 and 1 per cent; and
•
less than 1 per cent is over 10 per cent slope.
*Note: Six per cent of the Lockhart study area is in a pastoral zone and not covered by this report.

As 84 per cent of the area consists of low gradient slopes, surface drainage is poor, and the
risks associated with slow or impeded water movement are increased.

3.3.2 Soil erosion and degradation risks
Susceptibility to water erosion is increased by the following;
•
•

low organic matter content (< 1 per cent organic carbon);
high silt or fine sand content (> 65 per cent);

•
•

unstable soil structure, particularly dispersive soils;
susceptibility to waterlogging; and

•

water repellence.

All these factors contribute to increasing runoff, and therefore the potential for erosion
(Verboom, Galloway 2004).
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Figure 3.4 Per cent slope map.
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3.3.3 Landscape classes
There are five classes that are key divisions for surface water management using the soil landscape
map (Figure 3.4.).
Table 3.2

Key divisions for surface water management

Surface
water
landscapes
Recharge
dominated
landscapes

Character

Soil
types

Porous soils
with low runoff,
coarser grained
soils, high
infiltration rate,
contributing to
recharge.

Deep sands, sandy
earths and ironstone
gravely soils of grey
sandy laterites, yellow
sandplain laterite dunes
and white sands.

Sloping land
(1-10%)

Poorly
permeable
subsoils.

High run-off
potential

Relatively new
soils being
formed from
granite and
dolerite
bedrock.

Deep and shallow
sandy duplexes of
mixed uplands within
the mallee sandplain,
yellow sandplain, and
grey sandplain zones
as well as mallee
duplex and laterite
units.
Duplex and loamy soils
of granite, dolerite,
mafic laterite and
gneiss rock, yellow
sandplain (mafic) and
grey sandplain (mafic).

Valley floor
and lower
slope run-on
areas

Very low sloping

Salt lakes and
rivers, clay
pans and
other saline
areas

Very low
sloping, saline
and
waterlogged

Shallow sandy duplexes
and loamy earths of red
loams/grey valley
duplexes (salmon
gum/gimlet/mallee flats)
and red valley loams
granite, mafic laterite,
yellow sandplain (mafic)
and grey sandplain
(mafic).
Waterlogged soils and
loamy earths of saline
lake areas.

Degradation risk
Runoff in intense storms, especially on degraded
and hard set surfaces such as firebreaks, tracks,
laneways and access roads.
Sheet flow runoff near crests, concentrating into
rills.
Recharge on ridges and higher landscape areas
where the gradient is less than 1%, with sandy and
gravely soils.
Not suitable for dam building.
Seepage areas at change in soil types, water
collection for farm water supplies.
Farming systems that include working up and down
slope resulting in water concentration in compacted
furrows, and possible water erosion.
Waterlogging on lower slopes.
Water erosion on higher slopes.

Seepage areas, both fresh and saline.
Waterlogging.
Water erosion on higher slopes and on loamy and
duplex earths.
Salinity encroachment.
Potential for higher run-off from rocks, causing soil
erosion in immediate area, potential for water
collection from rock.
Flooding and waterlogging.
Salinity encroachment.
Poor water movement due to obstructions to water
flow – sedimentation.
Dam failure due to flooding, breaching and salinity.

In the far north west of the study area, the Salt
River drainage is currently being uplifted at a rate
of about 40 cm over 20 years, with obvious
implications for the already low gradients of the
river.
Flooding and waterlogging.
Salinity encroachment.
Good design of discharge points and safe disposal
of saline water as a result of excess water flow
from groundwater drainage or pumping.
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3.4 Agricultural production
Susie Murphy White

3.4.1 Biophysical risks
The following risks to agricultural production will require a high level of investment, of both time and
money, to prevent further degradation. Those issues difficult to reverse will result in changes to
farming systems to accommodate the altered landscapes:
•

Subsurface compaction,

•

Soil structure decline,

•

Subsurface acidity

•

Wind erosion and

•

Salinity.

As an example the risk to agricultural production if salinity spreads, from the current extent of 5 per
cent (186,000 ha) to the possible extent of 25 per cent, a loss of around $ 96 million worth of
production could result. The area at greatest risk is valley floors and adjacent slopes. This part of the
landscape may see changes in enterprise distribution to include more salt bush, salt tolerant perennial
pastures and shrubs. Over time the changes in enterprise distribution may include an increase in the
proportions of livestock on farm and a decrease of cropping area.
There would be an estimated loss of $285 million if subsoil compaction was left untreated. It is
expected that 62 per cent of the study area is at moderate to high risk of subsurface compaction.
Treating sub surface compaction involves changes in land management practices over the longer
term to reduce the risk of agricultural production decline. The amelioration package will cost $102/ha
to implement in the first year, the package involves applying gypsum (2.5 t/ha depending upon soil
type) at $75/ha and deep ripping to 40 cm at $27/ha. The longer term management is then needed to
maintain the benefits of amelioration.

3.4.2 Frost risks
Frost can severely impact grain crop yield by effectively halting further seed maturation and ‘filling out’
on a plant during the period of seed development, which could be any time from August to October in
the South West of WA, with September and October being critical months.
During the months of July and August Hyden have the higher risk for frost (8 days/month) than
Quairading, Bruce Rock and Lake Grace (6 days/month) and Lake King has a lower risk for frost (3
days/month).
It is important to note that all the locations in Figure 3.5 have a potential frost risk at the critical seed
maturation stage in September and October.
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Figure 3.5 Frost potential average number of days below 2.2 C (Clewett, J.F. 2003). Note: 2.2 C at 1.5 m off the
°
ground is equal to 0 C on the ground.

3.4.3 Capacity to invest
The cost of investing in an activity such as natural resource management is often seen as more costly
and risky than investing in land. It should also be considered that the capacity for farmers to invest in
conservation works is generally driven by high income producing years that provide cash surpluses
and improved equity. Figure 3.6. shows that the top 25 per cent of farm businesses in the South
Eastern wheatbelt had almost double the operating profit compared with the average farm business to
invest into conservation works.
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Figure 3.6 Operating profit ($/eff. ha) and average farm income for farm businesses in the South Eastern Wheatbelt
(Source: BankWest benchmarks 2003/04).
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3.5 Remnant vegetation risks
Paul Leoni
The woodland vegetation type occurs in 40-50 per cent of valley floor areas and around 10 per cent is
found in saline land areas (Table 3.3). Tall woodland trees, provide secure hollows and nesting areas
for many bird species. This vegetation type is an important habitat area for bird species, however
salinity is a major threat to this value.
Table 3.3

Vegetation types and distribution in valley floors and saline land

Note: Valley floor area is defined as land within 2.5 m elevation of the nearest theoretical surface water flow path. Saline
land is estimated from saterlite imagery by the ‘Land Monitor’ project.
% of total vegetation

% of vegetation type
within valley floors

% of vegetation
within saline land

Succulent steppe

3

94

63

Bare areas

3

38

9

Shrublands: Thicket

7

28

7

Mosaic woodland-shrubland

9

40

9

Medium woodland

10

48

11

Shrubland: Scrub-heath

68

13

1

Vegetation type

Table 3.4 shows that less than 1 per cent of the total number of patches, are greater than 1000
hectares. The majority of vegetation patches (88 per cent) are found in the 0-5 hectare patch size,
yet these patches only make up 7 per cent of the total vegetation area. This demonstrates that there
are very few large vegetation patches and many highly fragmented small patches.
However, the large area of scrub-heath shrublands has a major influence on this trend. For example
the area of woodland vegetation types is more evenly distributed through the different patch classes
with slightly more area found in the 100-1000 hectare patch class. These size patches are usually the
kind found on private property, so there is a large potential to increase vegetation protection through
simple management steps such as fencing to reduce livestock grazing. The high level of
fragmentation in remnant vegetation patches will act to degrade the ecological functions and
processes of these remnant patches. The edge effect on patches means there is little buffer from
invasion of weeds and other pests. All these factors tend to decrease the future sustainability of
remaining populations of birds, reptiles and other biota in these patches.
Table 3.4

Percentage of vegetation patch sizes
0-5 ha

25-100 ha

100-1000 ha

> 1000 ha

Succulent steppe

2

3

3

5

1

Bare areas

6

9

11

3

0

Shrublands: Thicket

6

7

7

11

4

Mosaic woodland-shrubland

20

19

19

14

1

Medium woodland

20

20

19

13

4

Shrublands: Scrub-heath

46

43

41

54

90

7

9

11

25

48

88

8

2

1

0

% of patch sizes
% of patch numbers
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4. MANAGEMENT OPTIONS AND IMPACTS
This section sets out options for managing the risks to agricultural production. Factors such as
annual rainfall, soil type, enterprise mix and financial structure will determine the most suitable
approach.

4.1 Groundwater management
Shahram Sharafi

4.1.1 Catchment modelling
Flowtube modelling of Lake Chinocup near Pingrup has been carried out. The results of this model
are represented in Figure 4.1.
Lake Chinocup Flowtube - Effect of recharge intervention on groundwater levels
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Figure 4.1 Flow tube modelling showing effects of catchment scale recharge reductions.
Please note that the figure is not to scale and vertical exaggeration has been applied.

The results show that under current land management with an estimated 20 mm annual rate of
groundwater recharge, lower slope areas close to the main valley will be affected by shallow
watertables (< 1 m) within 73 years. The modelling simulation shows that after 100 years with current
management and landuse, 10 per cent of the low lying areas will be salt affected. The modelled
results do not directly correspond to the area of the study area that will be at risk of shallow
watertables, but do give a guide.
A base case and three recharge reduction scenarios are presented, each representing differing levels
of intervention by all landholders within the entire study area. The scenarios are as follows:
1.

Do nothing – recharge continues at 20 mm/yr (100 per cent of recharge) and current farming
systems do not change.

2.

Low level of intervention – 25 per cent recharge reduction through alley farming with alleys
spaced at 100 m and two rows of trees per alley.
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3.

Moderate intervention – 50 per cent recharge reduction through minimising annual pasture area,
using perennials and other revegetation whilst still cropping similar areas of land each year.

4.1.2 Managing discharge
Results from flow tube modelling show that the expression of salinity in middle and lower slopes are
will be visible in the next 73 years and low level intervention is needed to have a marked impact. If no
intervention is introduced, about 10 per cent of the land will be saline in next 100 years. The onset of
salinity in middle slope areas can be delayed or eliminated, depending on the level of intervention.
Areas within lower slope and valley floors must not be seen to be completely unproductive, as many
areas within salinised paddocks will remain highly productive for salt tolerant pastures. Reducing
areas of annual pasture in favour of perennial pasture systems and development of saltland pastures
will be amongst the most important methods of income preservation over the next few decades.

Deep drainage
Installing deep drains in soils with low hydraulic conductivity, such as heavy clays, may only impact on
as little as 10 m of land either side of the drain. However, deep drains can be effective where they
intercept more permeable aquifers even when these are quite thin. These include clay overlying
permeable saprolite, sandy sediments, and clays with preferred pathways such as sand seams and
old root channels.
Proper design, land degradation potential, and safe disposal of water should always be considered
before constructing drains. Notices of Intent (NOI) to drain are a legal requirement under the Soil and
Land Conservation Act and recent changes to the Environmental Protection Act mean that preventing
environmental harm due to inappropriate disposal of drainage waters is in the landholder’s best
interests.

Groundwater pumping
Groundwater pumping is a valuable tool, particularly for controlling watertables under high value
assets. Groundwater pumping to reverse salinisation processes in broad acre agriculture situations is
generally considered uneconomic but each case needs to be assessed on its merits.
Proper design, potential land degradation, and safe disposal points of pumped water should always
be considered before construction of the wells. Notices of Intent (NOI) to pump groundwater are a
legal requirement under the Soil and Land Conservation Act, and recent changes to the
Environmental Protection Act mean that preventing environmental harm due to inappropriate disposal
of drainage waters is in the landholder’s best interests.
Qualified hydrogeologists should conduct site investigations to locate production bores, as
groundwater systems are complex and variable. As for deep drainage, a Notice of Intent to pump
needs to be submitted to the Commissioner for Soil and Land Conservation.

4.2 Soil water use options
Susie Murphy White
The water balance (i.e. evapotranspiration, runoff and deep flow) for each crop on different soil types
under different climates. For this report Ag ET has been used to calculate the recharge as a
percentage of the annual average rainfall into the watertable for each water use option on each soil
type for three different rainfall zones across the study area (Table 4.1).
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Table 4.1

Predicted recharge for land use options on major soils of the study area

Soils and abundance

Options

Predicted recharge as percentage of
annual rainfall (% AR)
Lake Grace
354 mm

Quairading
357 mm

Hyden
338 mm

•

Shallow sandy duplexes – 17%

Clover/medic pasture
Continuous crop
Lucerne
Woody perennials

3
0
0
0

2
3
0
0

1
0
0
0

•

Deep sandy duplexes – 16%

Clover/medic pasture
Continuous crop
Lucerne
Woody perennials

21
20
0
1

18
17
0
0

23
14
0
0

•

Loamy earths – 15%

Clover/medic pasture
Continuous crop
Lucerne
Woody perennials

11
7
2
0

11
7
4
0

6
3
1
0

•

Ironstone gravely soils – 11%

Clover/medic pasture
Continuous crop
Lucerne
Woody perennials

4
4
0
0

0
0
0
0

0
0
0
0

•

Shallow loamy duplex – 9%

Clover/medic pasture
Continuous crop
Lucerne
Woody perennials

2
0
0
0

2
0
0
0

0
0
0
0

•

Sandy earths – 6%

Clover/medic pasture
Continuous crop
Lucerne
Woody perennials

24
16
19
0

28
20
13
0

17
10
4
0

•

Deep sands – 6%

Clover/medic pasture
Continuous crop
Lucerne
Woody perennials

11
10
0
0

8
8
0
0

5
4
0
0

4.2.1 Managing predicted recharge in the farming system
Annual crop and pastures
The leakage calculator (Raper, 2005) has been used to quantify the volume of water leaking past the
root zone of common agricultural plants into low, medium and high leakage rates which was derived
from the Ag ET water balance calculation in Table 4.1.
Low leakage rates of 1-2 per cent of the annual rainfall on the shallow loamy duplex and shallow
sandy duplex can be achieved by annual crop and pasture rotations that use best practice agronomy.
Annual crops such as wheat, barley, and lupins use more water than traditional pastures (medics,
subterranean clovers, clovers and volunteer pastures).
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Therefore, continuous cropping rotations will contribute less recharge into the groundwater system
than the rotations dominated by poorly established pastures.
Moderate leakage rates of 3-5 per cent on the ironstone gravely soils of Lake Grace and deep sands
of Quairading contribute 13-16 mm per year of average annual rainfall when crop and pasture
rotations use best practice agronomy. To improve water usage on these soils deep rooted annual
legume pastures should be used and will decrease the leakage rate. Perennial pastures including
lucerne and perennial grasses can reduce recharge to 1-3 per cent of average annual rainfall.
The soil that contributes the highest leakage is the deep sandy duplexes, sandy earths (28 mm/year)
across the whole study area and deep sands and loamy earths in the western areas of the study area.
If lucerne is grown on these deep sands the recharge can be reduced to a low rate. Woody
perennials such as oil mallees will reduce the recharge amount to a low rate in all soil types across
the study area.
Bare soil in any rotation will have a high leakage rate and is conducive for rising watertables.

Perennial pastures
Perennial pastures have the potential to use water year-round (if growing well and are not dormant),
are generally deeper rooted than annuals and are better at drying the soil profile.
Lucerne is one perennial that may be suitable on deep sandy duplexes, shallow sandy duplexes and
deep sands. Lucerne can be incorporated into the farming system by phase cropping. This usually
does not involve many changes to farming practices.

Integrating woody perennials
Woody perennials use more water than perennial pastures and result in 0-1 per cent recharge. They
can be integrated into the farming landscape on soils that are difficult to crop or produce marginal
economic return. The options for woody perennials include: saltbush, tagasaste, oil mallees,
sandalwood, broombush and specialty timbers.
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4.3 Soil management
Claire Robertson
Table 4.2

Management of land degradation threats
Threat

Subsurface compaction
62%

Soil supergroup
affected
Deep sand and
sandy earths.

2,056,300 ha

Soil structure decline
53%
1,770,300 ha

Subsurface acidity
50%
1,659,250 ha
General critical
subsurface pHCa is 4.5
below 10 to 20 cm for
cereal-lupin rotations;
depends on soil type and
rainfall.
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Shallow and deep
loamy duplex soils,
loamy earths and
non-cracking clays.

Deep sands, sandy
earths and
ironstone gravelly
soils

Soil characteristics that impart risk

Management recommendations

Coarse-textured sandy soils with less than 5% clay content
are most at risk. Compaction decreases in strongly
structured soils, well-drained soils, high organic matter
soils and in dry regions.



Deep ripping (Table 4.2.4 in Soilguide).



Deep ripping with gypsum application has merit
in some circumstances (see Hamza et al.).



Controlled traffic management in conjunction with
deep ripping may will confine further compaction
to tramlines (Farmnote 35/2003).

Soils with intermediate texture (between 10 and 35% clay),
low organic content, high exchangeable Na, inverse Ca:Mg
ratios and with clays dominated by Kaolin are the most
prone to soil structure decline.



Recommendations vary with the nature of the
problem, on-site determination is needed and a
system approach works best. Options include:

Lighter-textured sands and loams with low organic matter
levels are most susceptible.
Awareness that particular farming practices have different
acidification rates. For example, hay cutting is a highly
acidifying practice, wheat-lupin rotations in a continuous
cropping enterprise is more acidifying than pasture
production.

•

Applying gypsum.

•

Increasing organic matter (green or
brown manuring).

•

Blanketing the soil surface with
stubble.

•

Practising minimum tillage.

•

Removing stock during wet periods.



Testing soil pH in the surface (0-10 cm) and
subsurface (10-20 cm) layers is the only accurate
way of monitoring acidification.



Liming is the most common method of halting
and reversing acidity on productive soils.
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Table 4.2 continued …
Threat
Wind erosion
46%
1,540,350 ha

Water repellence
44%
1,479,550 ha

Phosphorous export
30%
1,003,700 ha

Waterlogging
21%
697,650 ha

Soil supergroup
affected
All soils but
especially deep
sands and sandy
earths

Deep sands, sandy
earths and gravelly
soils.

Wet and
waterlogged soils,
sandy and loamy
duplex soils
situated on valley
floors, flow lines
and areas
susceptible to
flooding.

Wet and
waterlogged soils,
sandy and loamy
duplex soils.

Soil characteristics that impart risk

Management recommendations

Landform and location influence wind speed and exposure
to high winds, higher landscape positions such as crests
and upper slopes being more at risk. Surface texture and
surface condition dictate the risk to wind erosion that may
occur in these areas, loose and dry soils being more
prone. Any soils with less than 50% vegetative cover is at
risk.



Maintain vegetative cover at greater than 50%.



Construct windbreaks in high-risk areas.



Reduce disturbance of the soil surface by stock
and machinery.



During dry conditions, monitor paddocks and
destock if wind erosion is occurring, to maintain
topsoil for production in future years.

Water repellence mostly occurs on sandy surfaced soils
that have hydrophobic organic matter present. This
situation most commonly occurs on productive sands,
sandy earths and gravelly soils that are managed under a
cereal-legume rotation.



Claying is highly effective on light textured
topsoils, containing < 10% clay.



Wetting agents are effective, but often expensive.



Furrow sowing can increase wetting in critical
parts of the soil to increase germination.

Many soils already have moderate to high phosphorus
status and don’t require additional applications. PHOSULK (Moore, 2004) is a model available to predict nutrient
requirements.



Limiting P fertilising to requirements, and not
applying excessive fertiliser can reduce
phosphorous export.



Water erosion, that moves surface soil and
organic matter with attached P organic N to
waterways, plays a major role in the movement of
nutrients and eutrophication.



Perennial vegetation in buffer strips (only 3
metres wide) along watercourses, combined with
controlled grazing, can reduce nutrient and
particulate movement by as much as 90%.



On soil with low Phosphorus Retention Index,
apply ameliorants that have high capacity to
absorb phosphorus and thus reduce nutrient
losses. This is really only economically feasible
such as red mud (residue of extraction of
aluminium from bauxite).



Refer to section 3.3 on surface water
management.

Particularly sandy duplexes on valley floors and lower
slopes.
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4.4 Surface water management options
Harry Lauk, Ian Wardell-Johnson and Renee Manning
Water management in the Lockhart study area should focus on removing excess water in the
landscape (whether above or below ground), by the application of structural, vegetative and
land management measures. This will aid in addressing the following issues:
•

water erosion on slopes of 3 per cent or greater, below and above constrictions to
water movement, and in dispersive and slaking soils,

•

inundation and waterlogging on the lower slopes of sandy and loamy duplex soils,

•

waterlogging and salinity on the large valley floors in southern and eastern areas,

•

waterlogging below hillside seep areas,

•

restricted or impeded water movement above and below road crossings and other flow
constrictions and

•

improving current farm water supplies.

4.4.1 Integrated land and water management
The integration of land and water management aims to reduce the velocity of surface water
movement and therefore potential for erosion by using soil conservation techniques, high
water use plants (both annual and perennial), or different tillage systems. The aim is to
maintain and even improve agricultural land.
Options to manage water in most areas of the Lockhart, include, but are not restricted to;
•

increased vegetative cover (grasses, perennials, shrubs, trees) to protect the soil from
raindrop impact and reduce potential for surface water run-off,

•

working to the contour to contain surface water in the furrows and encourage lateral
movement of water,

•

grass strips and permanently grassed waterways to slow surface water that has been
concentrated by natural landforms and earthworks,

•

not cultivating natural drainage lines or waterways,

•

use of perennials on saline and non-saline land increases water use and helps to lower
the watertable as well as having other soil conservation benefits such as soil surface
protection and

•

land use capability – managing your farm according to soil type and land use potential
without degradation.

Each of the above options has been applied in the Lockhart study area, across a wide variety
of landscapes.
Any decision to manage land and water should always take into account the downstream
neighbours, including volume and quality of water (pH, salinity, acidity, sediment load).
Ideally, an integrated catchment approach with adequate planning and design, taking into
account the needs of each member of the catchment, will achieve a more sustainable
system, that will show positive results much further into the future.
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4.4.2 Landscape classes
Using the landscape classes from section 2.7, surface water management can be
generalised according to the dominant soil types and slopes within that class.
Water management should be approached in an integrated manner, as a mixture of
earthworks, farming practices, and revegetation.
Table 4.3

Landscape class and management options

Landscape class

Dominant slope
and soil types

Management options

Sloping land with poorly
permeable subsoils (33%)

1-5% slope, mallee
sandplain, yellow
sandplain, mallee
laterite, mallee
duplex

Grade banks.
Broad based banks and channels (2-6%).
Grassed waterways – manage flows from bank systems.
Dams for water storage (given adequate clay content).
Soil amelioration to improve drainage (gypsum, deep
ripping).

Recharge dominated
(22%)

1-5% slope (includes
crests and valley
floors), grey sandy
laterite and yellow
sandplain laterite

Pumping, siphons for groundwater extraction.
Break of slope drainage – alleviate salinity.
Revegetation – water usage.
High water use perennials – water usage.
Grade banks – manage SW flows to safe disposal point.
Broad based banks and channels (2-6%) – manage SW
flows to safe disposal point.

Landscapes with high
runoff potential (19%)

1-10%, granite,
laterite, mafic laterite

Dam and rock catchment.
Grade banks.
Grassed waterways.
Minimum tillage to reduce runoff.
Farming to the contour to reduce runoff.

Valley floor and lower
slope run-on areas (14%)

0-1% slope, red
loams/grey valley
duplexes, red valley
loams

Salt land pastures.
Revegetation.
High water use perennials (lucerne).

0-0.5%, salt lakes,
saline land, clay
pans

Salt land pastures.
Deep drainage, groundwater pumping, evaporation basins.

Detention basins and salt
land (12%)

Shallow relief drains (w-drains, v-drains).
Grassed waterways.

4.4.3 Earthworks
Earthworks require careful planning for long-term management, as inappropriate designs can
cause more problems than they solve. The Department of Agriculture has developed “Best
Practice Management Standards for Conservation Earthworks” for a variety of different
earthwork structures, as well as standards for site assessment and works plans. The
publications outline design criteria, suitable conditions for construction and placement,
planning considerations, legal aspects, environmental aspects, operation and maintenance,
construction and reference material. A list of these standards can be found in the
Appendix A4.
Deep drainage (deep channels that drain and convey groundwater) can be used on lower
slope areas, and on break of slope areas to alleviate groundwater rise. If such drains are to
be used to convey surface flows as well as groundwater flows, they must be adequately
designed to do so. There are legal requirements associated with water movement
(section 4.4.6).
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4.4.4 Fresh water resources
Twenty two per cent of properties in the Lockhart have access to a piped water supply, over
15 per cent of the total area. This means a large number of landholders do not have access
to a piped water supply and rely on rainwater, surface water runoff and groundwater supplies
for farm, domestic and livestock use. There is potential for landholders to improve supplies,
through the construction of larger dams with improved catchments and also through the
location of suitable groundwater supplies. Government funding schemes such as the Farm
Water Grants Scheme administered by the Department of Environment, assist landholders
without access to the piped water supply to improve water supplies. For more information,
contact the Rural Water Planning branch at the Department of Environment on
1800 780 300, or visit the website, www.environment.wa.gov.au.
Strategic public water supplies (standpipes) exist throughout the Lockhart, and can be
accessed by landholders in times of emergency on farm water deficiency. Non strategic
emergency supplies (Agricultural Area dams and tanks) also exist, and are usually located
on reserves, vested with either the Water Corporation or Department of Environment
(Department of Environment, 2005).

4.4.5 Earthworks for improving water supply
Earthworks, including grade banks, diversion banks, grassed waterways, roaded catchments
and dams, are the primary methods of conserving and storing water. Design is important to
maximise storage efficiency and to minimise recharge.
Grade banks have been a traditional way to collect water into dams. However, with the
advent of drier years, improved (roaded) catchments or the equivalent are becoming a
necessity in low rainfall areas. Roaded catchments are designed to generate runoff at very
low thresholds (low rainfall) compared to natural farmland. This water is diverted into farm
dams. A well constructed and maintained roaded catchment can start to shed water after
only 8 to 10 mm of rainfall (Stanton, 2005). Poorly maintained roaded catchments
(excessive weed growth, erosion) require more rainfall to produce runoff. From survey
information it has been shown that there are few roaded catchments on farms in the
Lockhart. Of the few that are present, many are either poorly maintained or located, or not
big enough for the adjoining dam.
Groundwater is plentiful; however most of it is too saline to be considered a useful water
supply. Suitable supplies may be sourced from seepage areas located in sandplain areas.
Rocks located throughout the Lockhart study area are good sources of runoff water if good
water holding clay for dams can be found close to the rock formation, away from the valley
floor.

4.4.6 Water management and the law
There is legislation regarding groundwater drainage and pumping for salinity control,
interfering with a watercourse, and clearing of native vegetation. Contact the appropriate
organisation for further information:
•

Drainage and pumping – Department of Agriculture, Soil and Land Commissioners
Office, www.agric.wa.gov.au.

•

Interfering with natural watercourse – Department of Environment,
www.environment.wa.gov.au.

•

Clearing – Department of Environment, www.environment.wa.gov.au.
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4.5 Vegetation management
Paul Leoni
•

Strategic revegetation. Revegetation can reduce recharge and the effects of salinity
and waterlogging, whilst increasing the area of native vegetation. Planting corridors or
revegetating near existing remnants can reduce edge effects (such as spray drift and
weed invasion) in small and isolated remnants. Revegetation is most effective for
salinity management when used in small problem areas such as sandplain seeps.

•

Hillside seeps. Hillside seeps are common in the north of the catchment. These can
be controlled by planting trees upslope of the seep, across the full width of the area.
Seepages can usually be reclaimed within 5 years.

•

Corridors. Wildlife corridors protect and connect existing remnant vegetation patches
using paddock boundaries, drainage lines and shelter belts. Corridor effectiveness
depends largely on the width of the corridor itself. A corridor should be planted as wide
as is practicable to reduce edge effects (Lambeck, 1999).

•

Fencing remnants. Excluding stock from remnants allows the understorey to
regenerate and reduces the introduction of weeds which out-compete native species by
fast germination.

•

Weed control. The maintenance of intact native vegetation canopies and low nutrient
system encourage weed resistance in remnant vegetation. The use of herbicides in
remnants must be treated with caution. Grass selective herbicides can be applied after
weed germination, but before the germination of native grasses. Often continuous
management is required to keep weeds at a minimum.

•

Spray drift control. Chemical use from normal farm operations can damage remnant
vegetation, generally from spray drift effects. Spraying in calm conditions can reduce
this effect.

4.5.1 Commercial revegetation options
Commercial revegetation not only provides returns to farmers, but also increases water use
and reduces erosion. Most of the Lockhart catchment has an annual rainfall of less than
350 mm and where there are few commercial options available, however there are fodder
shrubs that can improve profitability on problem soils. The following table lists the commonly
grown commercial species suited for the Lockhart catchment.
Table 4.4

Commercial revegetation options for the study area

Species

Rainfall

Soil type

Benefits/limitations

Tagasaste

300 mm+

Deep sands, sandy earths.

Can be alley farmed with serradella on
problem sands. Need to be slashed for sheep
grazing.

Oil mallees

250 mm+

Several species suited to all
types except saline soils.

Market relies on the establishment of
processing plants. A forecast return of
$15/tonne, or $600/ha every two years.

Broombush

250 mm+

Various soil types including
saline and waterlogged soils.

Small market for use as brushwood fencing.
Currently research into broombush as a ‘salttolerant oil mallee’.

Saltbush

175 mm+

Saline and waterlogged
soils.

Fills autumn feed gap using land that would
otherwise not be utilised. Environmental
benefits. May take several years after
establishment to see economic returns.
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6. GLOSSARY
Aeolian:

Materials deposited by wind.

Alluvial:

Sediments deposited in a river or flood environment.

Aquiclude:

A barrier to groundwater movement.

Archaean:

A geological time that defines the Earth’s early history, from the
formation of the planet to 2500 million years ago.

Colluvial:

The action of gravitational forces preferentially moving material
downslope.

Craton:

A coherent block of ancient continental crust that formed in the early
history of earth, prior to our recognised understanding of plate
tectonics. Cratons form the ‘seed’ from which continental plates grew
into the tectonic plates recognisable today.

Eocene:

The geological period between about 58 and 37 million years ago.

Granite plutons:

Large and fairly homogenous bedrock masses that form when
‘bubbles’ of continental magma (hot, molten rock with much silica and
aluminium) rise from great depth within the earth to cool and solidify
slowly under older, overlying rocks.

Interfluves:

Uplands, rises and crests between valleys.

Lacustrine:

Sediments deposited in a lake environment.

Lithified:

Turned from unconsolidated sediments into coherent rocks.

Matrix:

The fine soil material of less than 2 mm diameter.

Metamorphosed:

When pressure and/or heat alter existing rocks by folding and partially
melting them.

Orogenies:

Mountain forming tectonic episodes.

Phanerozoic:

The most recent geological time, the start of which is defined by the
Cambrian evolutionary explosion, when the diversity of life on earth
expanded greatly. The time encompassed is from the present to 545
million years ago.

Proterozoic:

The geological time marked by early life on earth, from when free
oxygen was first present in the atmosphere to just prior to the
Cambrian evolutionary explosion. The time encompassed is between
the Archaean and Phanerozoic, between 2500 and 545 million years
ago.

Regolith:

Unconsolidated material overlying bedrock.

Reticulite:

A brittle, mottled, iron-cemented layer that breaks down to form
gravels.

Rifting:

Stretching and separating caused by tectonism.

Tectonic:

The ‘plate-like’ structure of the earths crust and the deformation
processes, including folding and faulting that occur when these plates
move relative to one another, colliding and separating as they do so.

Terrane:

A region of crust with well-defined margins, that differs significantly in
tectonic evolution from neighbouring regions.
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7. APPENDICES
A1. Major soils for sub catchments
Table A1.1 Lakes major soils
Profile description
Dominant location in study area

Dominant soil components
(% of Study area)

Shallow sandy duplexes
435,000 ha
19%

Soils with a sandy surface and a texture
or permeability contrast at 3 to 30 cm.
Widespread in the lakes district.
Common elsewhere, especially in east.
Commonly found on colluvial slopes
(midslopes to lower slopes) and upper
valley floors.

Alkaline grey shallow sandy duplex
(11%)
Yellow/Brown shallow sandy duplex
(6%)
Grey shallow sandy duplex (2%)

Deep sandy duplexes
379,200 ha
17%

Soils with a sandy surface and a texture
or permeability contrast at 30 to 80 cm.
Widespread in the lakes district.
Common elsewhere, especially in east.
Commonly found on colluvial slopes
(midslopes to lower slopes) and upper
valley floors, and sometimes broad
valley floors.

Yellow-brown deep sandy duplex
(6%)
Grey deep sandy duplex (5%)
Alkaline grey deep sandy
duplex (5%)
Reticulite deep sandy duplex (1%)

Loamy earths
281,750 ha
12%

Soils with loamy surface and either
loamy throughout or grading to clay by
80 cm.
Often near salt lakes, alluvial flats,
valley floors and lower positions in the
landscape.

Calcareous loamy earth (6%)
Brown loamy earth (3%)
Red loamy earth (1%)
Yellow loamy earth (1%)
Loamy earths (1%)

Wet or waterlogged soils
257,400 ha
11%

Soils seasonally wet within 80 cm of the
surface for a major part of the year.
Drainage systems and salt lakes.

Saline wet soil (6%)
Salt lake (5%)

Ironstone gravelly soils
246,850 ha
11%

Soils that have an ironstone gravel
layer or ferricrete within the top 15 cm
and ironstone gravels are a dominant
feature of the profile.
Crests and upper slopes.

Duplex sandy gravel (4%)
Shallow gravel (3%)
Loamy gravel (2%)
Deep sandy gravel (1%)
Ironstone gravely soils (1%)

Shallow loamy duplexes
178,300 ha
8%

Soils with a loamy surface and a texture
contrast at 3 to 30 cm.
Lower slopes and broad valley floors.
Sometimes on rocky terrain.

Alkaline grey shallow loamy duplex
(3%)
Yellow/brown shallow loamy duplex
(3%)
Alkaline red shallow loamy duplex
(1%)

Deep sands
134,250 ha
6%

Sands greater than 80 cm deep.
Depressions in lateritic terrain and sand
dunes.

Yellow deep sand (2%)
Brown deep sand (2%)
Pale deep sand (1%)

Sandy earths
116,050 ha
5%

Soils with sandy surface and grading to
loam by 80 cm.
Sandplain, sandy dunes and alluvial
sediments.

Brown sandy earth (3%)
Yellow sandy earth (2%)

Soils and abundance

Other minor soils
364,000 ha
10%

Non-cracking clays (2%)
Yellow/brown shallow sands (2%)
Miscellaneous soils (2%)
Cracking clays (1%)
Bare rock (1%)
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Table A1.2 Narembeen/Bruce Rock major soils
Soils and abundance

Profile description
Dominant location in study area

Dominant soil components
(% of Study area)

Loamy earths
177,350 ha
24%

Soils with loamy surface and either
loamy throughout or grading to clay by
80 cm.
Often near salt lakes, alluvial flats,
valley floors and lower positions in the
landscape.

Calcareous loamy earth (8%)
Brown loamy earth (6%)
Red loamy earth (3%)
Yellow loamy earth (4%)
Friable red/brown loamy earth (1%)

Shallow Loamy duplexes
106,100 ha
14%

Soils with a loamy surface and a texture
contrast at 3 to 30 cm.
Lower slopes and broad valley floors.
Sometimes on rocky terrain.

Alkaline red shallow loamy duplex
(6%)
Yellow/brown shallow loamy duplex
(4%)
Alkaline grey shallow loamy duplex
(2%)
Red shallow loamy duplex (1%)
Grey shallow loamy duplex (1%)

Deep sandy duplexes
98,650 ha
13%

Soils with a sandy surface and a texture
or permeability contrast at 30 to 80 cm.
Common, especially in east. Commonly
found on colluvial slopes (midslopes to
lower slopes) and upper valley floors,
and sometimes broad valley floors.

Yellow-brown deep sandy duplex
(5%)
Reticulite deep sandy duplex (5%)
Alkaline grey deep sandy
duplex (3%)
Grey deep sandy duplex (1%)

Shallow sandy duplexes
85,750 ha
11%

Soils with a sandy surface and a texture
or permeability contrast at 3 to 30 cm.
Widespread in the lakes district.
Common elsewhere, especially in east.
Commonly found on colluvial slopes,
(midslopes to lower slopes) and upper
valley floors.

Yellow/Brown shallow sandy duplex
(7%)
Alkaline grey shallow sandy duplex
(3%)
Red shallow sandy duplex (1%)

Ironstone gravelly soils
80,550 ha
11%

Soils that have an ironstone gravel
layer or ferricrete within the top 15 cm
and ironstone gravels are a dominant
feature of the profile.
Crests and upper slopes.

Loamy gravel (4%)
Shallow gravel (3%)
Duplex sandy gravel (2%)
Deep sandy gravel (1%)

Sandy earths
44,600 ha
6%

Soils with sandy surface and grading to
loam by 80 cm.
Sandplain, sandy dunes and alluvial
sediments.

Red sandy earth (2%)
Yellow sandy earth (2%)
Brown sandy earth (1%)
Pale sandy earth (1%)

Wet or waterlogged soils
34,100 ha
5%

Soils seasonally wet within 80 cm of the
surface for a major part of the year.
Drainage systems and salt lakes.

Saline wet soil (4%)
Salt lake (1%)

Deep sands
27,950 ha
4%

Sands greater than 80 cm deep.
Depressions in lateritic terrain and sand
dunes.

Yellow deep sand (3%)

Other minor soils
96,750 ha
12%
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Non-cracking clays (2%)
Yellow/brown shallow sands (2%)
Red shallow sand (1%)
Shallow loams (1%)
Red shallow loam (1%)
Stony soil (1%)
Miscellaneous soils (1%)
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Table A1.3 Quairading major soils
Soils and abundance

Profile description
Dominant location in study area

Dominant soil components
(% of Study area)

Deep sandy duplexes
58,500 ha
18%

Soils with a sandy surface and a texture
or permeability contrast at 30 to 80 cm.
Commonly found on colluvial slopes,
(midslopes to lower slopes) and upper
valley floors, and sometimes broad
valley floors.

Yellow-brown deep sandy duplex
(6%)
Reticulite deep sandy duplex (4%)
Grey deep sandy duplex (5%)
Alkaline grey deep sandy
duplex (3%)

Shallow sandy duplexes
50,900 ha
16%

Soils with a sandy surface and a texture
or permeability contrast at 3 to 30 cm.
Commonly found on colluvial slopes,
(midslopes to lower slopes) and upper
valley floors.

Yellow/Brown shallow sandy duplex
(7%)
Alkaline grey shallow sandy duplex
(6%)
Grey shallow sandy duplex (2%)

Sandy earths
34,450 ha
11%

Soils with sandy surface and grading to
loam by 80 cm.
Sandplain, sandy dunes and alluvial
sediments.

Red sandy earth (3%)
Yellow sandy earth (3%)
Brown sandy earth (2%)
Pale sandy earth (1%)
Sandy earths (1%)

Ironstone gravelly soils
33,550 ha
11%

Soils that have an ironstone gravel
layer or ferricrete within the top 15 cm
and ironstone gravels are a dominant
feature of the profile.
Crests and upper slopes.

Loamy gravel (4%)
Duplex sandy gravel (3%)
Shallow gravel (2%)
Deep sandy gravel (2%)

Shallow Loamy duplexes
31,700 ha
10%

Soils with a loamy surface and a texture
contrast at 3 to 30 cm.
Lower slopes and broad valley floors.
Sometimes on rocky terrain.

Yellow/brown shallow loamy
duplex(3%)
Alkaline grey shallow loamy duplex
(2%)
Red shallow loamy duplex (2%)
Grey shallow loamy duplex (1%)
Alkaline red shallow loamy duplex
(1%)

Deep sands
30,550 ha
10%

Sands greater than 80 cm deep.
Depressions in lateritic terrain and sand
dunes.

Yellow deep sand (4%)
Gravelly pale deep sand (3%)
Pale deep sand (2%)
Deep sands (1%)

Loamy earths
27,100 ha
9%

Soils with loamy surface and either
loamy throughout or grading to clay by
80 cm.
Often near salt lakes, alluvial flats,
valley floors and lower positions in the
landscape.

Calcareous loamy earth (3%)
Brown loamy earth (3%)
Yellow loamy earth (1%)
Loamy earths (1%)

Wet or waterlogged soils
25,650 ha
8%

Soils seasonally wet within 80 cm of the
surface for a major part of the year.
Drainage systems and salt lakes.

Saline wet soil (7%)
Salt lake (1%)

Other minor soils
24,600 ha
12%

Red/brown non-cracking clays (1%)
Yellow/brown shallow sands (1%)
Shallow sands (1%)
Bare rock (1%)
Miscellaneous soils (1%)
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A2. Sub catchment soil and surface water risk assessment
Table A2.1 Risk assessment of land degradation threats in the Lakes Sub catchment
Threat

Area at risk
% (and area)

Soil supergroup

Subsurface compaction

61%
831,450 ha

Deep sand and sandy earths. Soils with less than 5% clay
content are most at risk.

Soil structure decline

52%
710,800 ha

Shallow and deep loamy duplex soils, loamy earths and noncracking clays.

Subsurface acidity

48%
657,500 ha

Deep sands, sandy earths and ironstone gravelly soils.
Sandy soils with low levels of organic matter are most
susceptible.

Wind erosion

47%
648,700 ha

All soils with loose and bare surfaces, but especially deep
sands and sandy earths.

Water repellence

47%
645,000 ha

Deep sands, sandy earths and gravelly soils.

Phosphorous export

34%
466,200 ha

Wet and waterlogged soils, sandy and loamy duplex soils
situated on valley floors, flow lines and areas susceptible to
flooding.

Waterlogging

23%
312,900 ha

Wet and waterlogged soils, loamy duplex soils and
particularly sandy duplexes on valley floors and lower slopes.

Table A2.2. Risk assessment of land degradation threats in the Narembeen Bruce Rock Sub catchment
Threat
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Area at risk
% (and area)

Soil supergroup

Subsurface compaction

63%
337,550 ha

Deep sands, sandy earths and ironstone gravelly soils.
Sandy soils with low levels of organic matter are most
susceptible.

Soil structure decline

63%
335,950 ha

Shallow and deep loamy duplex soils, loamy earths and noncracking clays.

Subsurface acidity

52%
275,650 ha

Deep sand and sandy earths. Soils with less than 5% clay
content are most at risk.

Wind erosion

39%
205,900 ha

All soils with loose and bare surfaces, but especially deep
sands and sandy earths.

Water repellence

32%
169,500 ha

Deep sands, sandy earths and gravelly soils.

Phosphorous export

19%
100,800 ha

Wet and waterlogged soils, sandy and loamy duplex soils
situated on valley floors, flow lines and areas susceptible to
flooding.

Waterlogging

14%
76,150 ha

Wet and waterlogged soils, loamy duplex soils and
particularly sandy duplexes on valley floors and lower slopes.
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Table A2.3 Risk assessment of land degradation threats in the Quairading Sub catchment
Threat

Area at risk
% (and area)

Soil supergroup

Subsurface compaction

63%
198,900 ha

Deep sand and sandy earths. Soils with less than 5% clay
content are most at risk.

Subsurface acidity

56%
178,100 ha

Deep sands, sandy earths and ironstone gravelly soils.
Sandy soils with low levels of organic matter are most
susceptible.

Wind erosion

54%
172,100 ha

All soils with loose and bare surfaces, but especially deep
sands and sandy earths.

Water repellence

53%
168,900 ha

Deep sands, sandy earths and gravelly soils.

Soil structure decline

45%
142,650 ha

Shallow and deep loamy duplex soils, loamy earths and noncracking clays.

Phosphorous export

27%
86,950 ha

Wet and waterlogged soils, sandy and loamy duplex soils
situated on valley floors, flow lines and areas susceptible to
flooding.

Waterlogging

22%
70,350 ha

Wet and waterlogged soils, loamy duplex soils and
particularly sandy duplexes on valley floors and lower slopes.
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Table A2.4 Percentage of catchment area according to slope, and associated erosion risks
Sub catchment

Slope
%

Quairading

Narembeen
Bruce Rock

Lakes

5-10

<1

<1

<1

3-5

11

27

5

1-3

50

22

41

0-1

38

50

44

> 10

<1

<1

<1

Surface water risks
Erosion risk in runoff generation events.
Recharge risk, especially on sandplain crests and upper slopes.
Erosion risk in runoff events.
Uncontrolled recharge on upper slopes resulting in discharge further
downslope (hillside seeps, break of slope areas).
High run-off, water-shedding slopes with depressions that concentrate
flowing water to valley floors – risk of erosion and waterlogging
contribution to lower slopes.
Water and soil erosion risk in major runoff events.
Water and soil erosion risk as a result of run-off from steeper slopes,
and run-on to lower slopes.
Uncontrolled runoff from shedding areas.
Water erosion on duplex and loamy earths.
Impediment of water flow by roads causing flooding, waterlogging and
salinity – damages road and soil properties.
Waterlogging frequent due to poor drainage, especially in southern and
eastern areas.
Erosion in high runoff events.
Change of slope salinity risk.
In situ recharge and salinity into valley floors.
High rainfall events exacerbate these risks in Lakes subcatchment,
which has very little slope, and is internally drained.
Dam failure due to flooding, breaching and salinity at lowest points in
landscape.
Impediment of water flow by roads causing flooding, waterlogging and
salinity – damages road and soil properties.
Site specific erosion risks can be dealt with in situ.

*Note: In the Lakes Subcatchment 9 per cent (of that subcatchment) is in the pastoral zone and is not covered by this
report.
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A3. Liming statistics
Lime use data was taken from a report by Miller, A. and Porter, B., determining lime targets, on a
shire basis for the South-West of Western Australia. These targets were based on areas at risk
of acidification derived from the soil types of the Atlas of Australian soils and the rainfall.
The total annual lime requirement for the study area is calculated to range from 267,000 to
445,000 tones, based on acidification rates of between 75–125 kg Lime Equivalent/ha/yr for the
farming systems and soils (Porter and Miler, 1998).
Figure A3.1 below shows the purchased lime sales per shire as a percentage of the required
lime target determined by Miller and Porter. Each bar is a yearly percentage over all the shires
in the study area.
From the graph it can be seen that liming has increased although is still averaging only half of
the required lime tonnage.
Average % of target lime application
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60
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20
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0
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Figure A3.1 Average percentage of target lime application for the study area.
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A4. Further Information
The Department of Agriculture publications can be found on the Departments website at:
www.agric.wa.gov.au.

Soils
Department of Agriculture Farmnotes
80/93
79/93
04/95
78/00
26/02
67/02
35/03
69/02

Managing waterlogging and inundation in crops (revised 1999)
Managing waterlogging and inundation in pastures (revised 1999)
No tillage sowing minimises soil erosion (revised 1999)
The importance of soil pH
Treatment of compacted soils in the eastern wheatbelt
The amount of stubble needed to reduce wind erosion
Tramline farming: Develop your own system
Soil testing: A guide to fertiliser use

Bulletin 4602 (2004). Subsurface acidity Department of Agriculture WA.
Bakker, D., Hamilton, G., Houlbrooke, D. and Spann, C. Improved soil management and
cropping systems for waterlog-prone soils; Results of the 2000 season, Technical
Report 229, Department of Agriculture WA.
Bakker, D., Hamilton, G., Tipping, P., Spann, C. and Rowe, D. Results of the improved soil
mapping and cropping systems for waterlog-prone soils project, Resource Management
technical report 191, Department of Agriculture WA.
MacFarlane, D.J. and Barrett-Lennard, E.G. Survey of research priorities in water erosion,
waterlogging and flooding in South-Western Australia, Resource Management Technical
Report 61, Department of Agriculture WA.

Surface water management
Department of Agriculture Farm Water Kits 2004
Surface Water Management for Dryland Agriculture (Kit #1)
Drainage and Regulation in Dryland Agriculture (Kit #2)
Farm Water Supplies in Dryland Agriculture (Kit #3)
Farm Water Kit CD

Department of Agriculture Bulletins
Bulletin 4609 – Farm dams in Western Australia
Bulletin 4660 – Roaded catchments to improve reliability of farm dams
Bulletin 4617 – Deep drains to manage groundwater
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Department of Agriculture Farmnotes
52/2003 – Subsurface drainage and surface water management for saline land
75/2003 – Grade banks to manage water erosion
76/2003 – Shallow relief drains
79/2003 – Grassed waterways
80/2003 – Broad-based banks
81/2003 – Seepage interceptor drains
5/2003 – Treatment of leaky dams
72/2002 – Using windbreaks to reduce evaporation from farm dams
64/2004 – Rainwater tanks
53/2004 – Evaporation basins for salinity management
81/2003 – Seepage interceptor drains
36/2004 – Groundwater pumping for salinity control
35/2003 – Tramline farming: Develop your own system

Department of Agriculture Miscellaneous publications
MP 5/2000 – Deep drainage in south west Western Australia: Making it work – not proving it
wrong
MP 3/2004 – Evaporation basin guidelines for disposal of saline water.

Million Hectares Workshops
MP 22/2005 – Deep drainage – is it for me? Workshop development guide for facilitators – A
million ha for the future program.
MP 23/2005 – Deep drainage – is it for me? Workshop manual for participants – A million ha for
the future program.
MP 9/2005 – Surface water management – is it for me? Workshop development guide for
facilitators
MP 7/2005 – Surface water management – is it for me? Workshop manual for participants

Conservation Practices for Agricultural Land
MP 13/2005 – Excavated tanks and hillside dams
MP 27/2002 – Grade banks
MP 31/2002 – Grassed waterways
MP 28/2002 – Leveed deep drains
MP 29/2002 – Open deep drains
MP 30/2002 – Shallow relief drains
MP 16/2005 – Works Plans
MP 15/2005 – Site Assessments

Resource Management Technical Reports
RMTR 245 – Assessing Storage Reliability of Farm dams
RMTR 185 – Common Conservation Works used in Western Australia
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Department of Agriculture Farmnotes
Farming systems
Bulletin 4443 (2000). The Wheat Book – Principles and Practices. Department of Agriculture
(formerly known as Agriculture Western Australia).
Lacey, T. and Devenish, K. (2001). Dryland lucerne grazing systems. The Good Food Guide for
Sheep, Bulletin No. 4473, Agriculture Western Australia (in press).
Barrett-Lennard, Ed (2003). Saltland Pastures in Australia – A Practical Guide Land, Water and
Wool, Canberra.

Department of Agriculture Farmnotes
27/2003
26/2003
29/2004
3/2001
1/1999
44/2000

Grazing sheep and cattle on dryland lucerne
Lucerne in pasture-crop rotations: Establishment and management
Perennial grasses – Potential grazing issues
Frontier – An early maturing balansa clover for the wheatbelt
Puccinellia – For productive saltland pastures
Tall wheat grass and balansa clover: A beneficial partnership for waterlogged, mildly
saline soils

Salinity
Department of Agriculture Farmnotes
53/2004
36/2004
59/2002
80/2002
74/2004
47/2000

Evaporation basins for salinity management
Groundwater pumping for salinity control
Monitoring groundwater levels
Monitoring the impact of perennial plants on groundwater
Saltland pastures for the south-eastern wheatbelt
Saltland pastures: Changing attitudes towards saline land

Remnant vegetation
McKenzie, N.L., May, J.E. and McKenna, S. (2002). Bioregional Summary of the 2002
Biodiversity Audit for Western Australia. Department of Conservation and Land
Management.

Revegetation
Department of Agriculture Fact sheets
34/2000
24/2000
25/2000
35/2000
37/2000
14/2001
98/2001
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Rock sheoak (Allocasuarina huegeliana)
Banksias for cut flower production
Broombush
Southern sandalwood
Tagasaste
Low rainfall farm forestry for the wheatbelt
Eucalyptus oil mallees
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Websites
www.agric.wa.gov.au/trees
www.fpc.wa.gov.au (especially the section on goldfields timbers)
www.calm.wa.gov.au
www.oilmallee.com.au
http://www.deh.gov.au/water/wetlands/database/index.html
http://www.agric.wa.gov.au/environment/drainwise/options/engineering/deep_drains.htm
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A5. Contacts
The most important source of up to date agricultural resource management information is:
www.agric.wa.gov.au.
Natural resource management information can also be found at: www.avonicm.org.au.
Table A5.1 Contact list for Department of Agriculture officers involved in compiling the report
Area

Contact name

Contact details

Surface water management

Harry Lauk

Department of Agriculture Northam
Phone: (08) 9690 2102
Fax:
(08) 9622 1902
E-mail: hlauk@agric.wa.gov.au

Surface water management

Renee Manning

Department of Agriculture Merredin
Phone: (08) 9081 3111
Fax:
(08) 9041 1138
E-mail: rmmanning@agric.wa.gov.au

Farming systems

Susie Murphy White

Department of Agriculture Merredin
Phone: (08) 9081 3111
Fax:
(08) 9041 1138
E-mail: smurphywhite@agric.wa.gov.au

Soils

Claire Robertson

Department of Agriculture Narrogin
Phone: (08) 9881 0227
Fax:
(08) 9881 1950
E-mail: crobertson@agric.wa.gov.au

Catchment mapping

Josh Smith

Department of Agriculture Northam
Phone: (08) 9690 2102
Fax:
(08) 9622 1902
E-mail: jsmith@agric.wa.gov.au

Surface water management

Ian Wardell-Johnson

Department of Agriculture Narrogin
Phone: (08) 9881 0203
Fax:
(08) 9881 1950
E-mail: iwardelljohnson@agric.wa.gov.au
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Figure 2.3 Groundwater trends of the Lockhart catchment.
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The areas at risk is defined from a procedure using landcover and landform variables to match
hydrologists predictions.
Areas mapped as being salt affected my include areas of presisent low productivity, dam embankments,
firebreaks and roads.
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